Fecal samples from a 1-year prospective study were investigated to establish the role of group C rotavirus infections in acute diarrhea in Swedish adults (115 years old). Rotaviruses were found in samples from 3% of the patients, and, in 35% of these, group C rotavirus was detected. Clinical symptoms of group C rotavirus infection were generally milder than those of group A rotavirus infection. Gene 8 (vp7) from 12 group C isolates, including strains from the prospective study, a military outbreak, and a sporadic case, was sequenced. The gene was found to be extremely conserved, with identities of 99.1%-100% at the amino acid level. This study has systematically investigated the prevalence and genetic diversity of group C rotavirus in adults. The data confirm the extreme sequence conservation within human group C rotavirus strains and suggest that symptomatic group C rotavirus infections occur more frequently in adults than has been previously recognized.
tomatic infections in children !3 years old, most group C isolates have been identified from children 13 years old and from adults [8, 12, [15] [16] [17] , which raises an interesting question of whether these viruses have an epidemiology different from that of group A rotaviruses.
There is at present evidence of 2 distinct serotypes (G types) among human and animal strains of group C rotaviruses [18] . The difficulty in adapting human strains to tissue culture has precluded the use of neutralization assays to serotype them; therefore, relatedness can only be inferred by sequence analysis of vp7 genes. Sequence information concerning human group C rotavirus has demonstrated a remarkable sequence conservation regarding the outer capsid protein vp7 [19, 20] , which suggests a worldwide genotype that may constitute a single G serotype.
In this study, we took advantage of a 1-year prospective study [21] to examine the role of group C rotavirus in adults with acute diarrhea and to investigate the prevalence and the genetic relatedness of human group C rotavirus strains in Sweden. We also report details of a military outbreak and a sporadic case of gastroenteritis caused by group C rotavirus in Sweden.
Materials and Methods

Study Population and Data Collection
Prospective study. Patients who were admitted consecutively to the Department of Infectious Diseases at Huddinge Hospital, Stockholm, between 1 October 1996 and 30 September 1997 because of acute diarrhea were studied prospectively [21] . The hospital serves a population of ∼900,000 residents in the southern and western parts of Stockholm. The study population comprised 851 adults (115 years old) who sought medical advice because of diarrhea. A complete laboratory investigation, including tests for bacteria, pro-tozoa, and viruses, was carried out for 750 of the 851 patients and for 203 control subjects (17-78 years old) with no diarrhea within the previous 30 days, as described elsewhere [21] . At least 1 fecal specimen for microbiologic examination was collected. Data about occupation, previous gastrointestinal disorders, recent antibiotic treatment, traveling, date of onset of diarrhea, and clinical symptoms and signs were recorded. After recovery, a follow-up questionnaire regarding the duration of diarrhea, hospital treatment, and possible complications was administered.
Sporadic case. The patient was admitted to the emergency unit at the University Hospital, Uppsala, Sweden, because of a 1-day history of watery diarrhea (10-15 stools), vomiting, abdominal pain, and fever р39ЊC. After examination by a surgeon, he was transferred to the Department of Infectious Diseases with a presumptive diagnosis of acute gastroenteritis.
Military outbreak. Fourteen conscripts sharing barrack rooms at a coast artillery regiment, number KA4, in Gothenburg, Sweden, were affected by acute gastroenteritis. Fecal specimens were obtained from 3 of them. Ten subjects filled out a questionnaire regarding symptoms, onset, and duration of diarrhea.
Samples
Prospective study. Stool samples were, in most cases, collected within 24 h after admission and stored at Ϫ20ЊC until tested.
Sporadic case. A stool sample (sample 1004) was collected at admission, prepared as a 10% suspension in PBS, and stored at Ϫ70ЊC until tested.
Military outbreak. Three stool samples (samples 949, 1017, and 1018) were obtained and were stored at Ϫ20ЊC until tested.
Electron Microscopy (EM) and ELISA
Fecal specimens first were screened for the presence of virus by EM, as described elsewhere [22] . Subsequent screening for group A rotavirus was done by an indirect ELISA, as described elsewhere [23] .
Reverse Transcription (RT)-Polymerase Chain Reaction (PCR) for Detection of Group A and C Rotaviruses
RNA was extracted from 50 mL of a 10% stool suspension by use of the guanidinium thiocyanate-silica extraction method [24] . RT-PCR for group A rotavirus was done as follows: RNA was denatured at room temperature in 0.8 mL of 100 mM methyl mercuric hydroxide solution (Strem Chemicals, Newburyport, MA) in the presence of 100 pmol of vp6 group A rotavirus primer ( -3 . For group C detection, 30 amplification cycles were carried out, with 2 min at 94ЊC, 1 min at 50ЊC, and 1 min at 72ЊC, followed by a final incubation at 72ЊC for 5 min. Amplification products were analyzed by electrophoresis in 2% agarose gels.
Electropherotyping
Five hundred microliters of 10% stool suspension was extracted twice with an equal volume of phenol, once with an equal volume of phenol-chloroform, and once with chloroform. The doublestranded RNA (dsRNA) was precipitated with 95% ethanol and dissolved in 50 mL of distilled H 2 O and subsequently was separated by PAGE, with 8% polyacrylamide gels, at 100 V for 3 h. The gel was then fixed in 7.5% acetic acid for 10 min, washed in distilled H 2 O 3 times for 2 min each, stained with silver nitrate (1.5 g/L AgNO3, 0.056% HCHO) for 15 min, rinsed in distilled H 2 O for 20 s, and developed in 30 g/L Na2CO3 and 0.056% HCHO. The reaction was stopped in 7.5% acetic acid.
Cloning and Nucleotide (nt) Sequencing of Human Group C Rotavirus vp7 Genes dsRNA was extracted from fecal samples, as described above, and 10 mL was used in a reverse-transcriptase reaction. dsRNA first was denatured in methyl mercuric hydroxide in the presence of 100 ng of the oligonucleotide primer 5 -1 CCACATGATCTT-GTTTACGC 20 -3 , which corresponds to the extreme 5 -end terminus of gene 8, which encodes group C vp7. A reaction mix, composed as described above, was added, and incubation continued for 1 h at 42ЊC. After RT, 10 mL of the reverse-transcriptase reaction product was added to a mix composed of 100 ng of 3 -end primer (5 -1063 GCATTTAAAAAAGAAGAAGCTGT 1041 -3 ), 100 ng of 5 -end terminus primer (5 -1 CCACATGATCTTGTT-TACGC 20 -3 ), 2.5 U of DNA polymerase (pfu polymerase; Stratagene, La Jolla, CA), 0.2 mM dNTP, and a preformulated pfu polymerase reaction buffer (Stratagene). Thirty amplification cycles were carried out, with 1 min at 94ЊC, 1 min at 45ЊC, and 2 min at 72ЊC, followed by a final incubation at 72ЊC for 10 min. The bluntend full-length vp7 genes were cloned into the pCR-Script cloning vector (Stratagene). Positive clones were purified by use of a plasmid purification kit (Qiagen, Hilden, Germany). Three clones of each isolate were sequenced on both strands by an automated sequencer (model 310; Applied Biosystems, Foster City, CA) with the ABI PRISM ready reaction big dye terminator cycle sequencing kit (Applied Biosystems).
nt Sequence Accession Numbers
The nt sequences determined in this study have been deposited in the GenBank sequence database and have been assigned the 
Results
Laboratory Findings
Prospective study. Fecal specimens from 750 adults (115 years old) with acute diarrhea were examined for virus by EM, as reported elsewhere [21] . Viruses were found in samples from 9% of the patients, with rotavirus being the most frequently detected, constituting 3% of the identified enteropathogens. The 23 specimens positive for rotavirus by EM were further tested with a group A rotavirus-specific ELISA. Fourteen (61%) of the specimens were found to belong to group A rotavirus (table 1), whereas the remaining 9 were further examined by use of a group C vp6-specific RT-PCR. A PCR amplicon of the expected size (596 bp) was detected in 8 of these 9 samples (figure 1). One EM-positive sample that was negative for group A by ELISA and negative for group C by RT-PCR (sample 510) was further tested with a group A vp6-specific RT-PCR, the results of which showed that the sample belonged to group A rotavirus.
To investigate the possibility of mixed infections, all samples positive for group A rotavirus by ELISA were also tested with the group C RT-PCR. Mixed infections between group A and C rotaviruses, however, could not be detected. Seven of the 8 group C-positive specimens contained sufficient material to allow electropherotyping. The RNA profiles revealed almost identical patterns (not shown), consistent with the typical group C rotavirus 4-3-2-2 RNA profile [15] .
Sporadic case. Rotavirus-like particles were detected by EM examination of a stool sample from a 61-year-old adult with acute gastroenteritis. The sample (sample 1004) was further tested with a group A rotavirus ELISA, a commercial group A-specific rotavirus test (One-Site; Biotech/NVI, Uppsala, Sweden), and RT-PCR assays specific for vp6 of group A and C rotaviruses. Only the group C vp6-specific RT-PCR result was positive, which demonstrated a PCR amplicon of the expected size and suggested that the patient shed group C rotavirus ( rotavirus particles. The samples were negative by group A ELISA, a commercial group A test (ON-SITE BIOTECH/ NVI), and a group A vp6-specific RT-PCR but were positive by a group C vp6-specific RT-PCR (table 1) . Electropherotyping was done on 1 of the EM-positive samples (sample 949) and showed a 4-3-2-2 RNA genome pattern characteristic for group C rotavirus (not shown).
Clinical Findings
Prospective study. A review of patient records showed that the group C-positive patients were 22-45 years old (median, 30 years). Group C rotavirus infections displayed a winter seasonality, with all 8 patients acquiring the infection between November and March, 5 of them in December or January. In comparison, only 7 of 15 group A infections occurred between October and March, whereas the other 8 cases occurred between April and August. All patients with group C infections had watery diarrhea, with 1-15 episodes per day, but none reported bloody stools. In contrast, 2 of 15 with group A infections had bloody stools (table 2). Duration of diarrhea was 6-14 days in group C-infected patients and 4-10 days in patients infected with group A rotavirus. Other symptoms included abdominal pain (75%), vomiting (75%), and fever (38%) in patients with group C infections, symptoms similar to those of patients with group A infection (table 2). Interestingly, 3 of 8 patients infected with group C rotavirus and 13 of 15 patients infected with group A rotavirus were hospitalized after admittance to the emergency unit, and 2 of 8 group C-infected patients versus 12 of 15 group A-infected patients required intravenous fluid therapy. The hospitalization rate might indicate that group A infection was more severe than group C infection.
Sporadic case. A 61-year-old male presented in April 1997
with a 1-day history of watery diarrhea (10-15 stools), vomiting, abdominal pain, and fever р39ЊC. After admittance to the emergency unit, he was transferred to the Department of Infectious Diseases with a presumptive diagnosis of acute gastroenteritis. At examination, the patient was febrile and slightly dehydrated. The patient required parenteral rehydration for the next 2 days, after which his condition improved. By the third day, the patient was completely recovered and was discharged from the hospital. The patient was married and had 3 children (the youngest of whom was 10 years old), none of whom had any gastrointestinal symptoms either before or shortly after his illness. Of note, the patient is a teacher and thus comes into close contact with young children. However, there were no reported cases of gastroenteritis in the school, either among teachers or among children, in association with his illness.
Military outbreak.
Fourteen conscripts sharing barrack rooms and toilets became ill with gastroenteritis during 1 week in April 1997. While on leave, the index patient sought medical assistance at the Department of Infectious Diseases, University Hospital, Gothenburg, because of abdominal pain, watery diarrhea, and fever р38.5ЊC. During the same week, another 8 conscripts from the same platoon sought medical advice, with similar symptoms. Five presented with gastroenteritis on the same day, 4 days after the index case, whereas 3 other cases occurred 1, 3, and 7 days after the index case. The last case was reported 8 days after the index case. None of the patients experienced vomiting, and symptoms ceased spontaneously after 5-7 days. None of the patients required parenteral rehydration.
Because no acute-phase or convalescent serum samples were collected, serologic examination of the outbreak could not be done. Because of different daily activities among the conscripts, no common meals were served, and thus no foodborne infection originating from a common source could be suspected. There were no reports of secondary spread at the regiment, but 2 of the affected soldiers reported gastrointestinal symptoms among their relatives, in connection with the outbreak.
Sequencing of Human Group C Rotavirus Isolates
Gene 8, which encodes the outer capsid protein vp7, was sequenced from 12 isolates of the present study. The genes were 1063 nt in length and coded for a 332-amino acid (aa)-long protein with a predicted molecular mass of 37.5 kDa. The predicted N-linked glycosylation sites (residues 67-69, 152-154, and 225-227) and the signal cleavage site (residues 49-50) were conserved among all the isolates. Sequences of the 5 and 3 ends (20 nt from the 5 end and 23 nt from the 3 end) were derived from a primer sequence originating from the Cowden strain [25] and were not confirmed, because of the limited amount of dsRNA. The genes were extremely conserved in their primary structure, and identities ranged from 97.6% to 100% and from 99.1% to 100% at the nt and the aa levels, respectively (table 3) . Extremely high sequence conservation was observed among the isolates from the prospective study, with nt identities between 99.7% and 100%. However, 1 of the isolates (no. 167) showed a higher nt sequence identity (99.2%) with vp7 sequences from the BF and Bristol strains isolated in the United Kingdom in 1988 and 1989, respectively [20] , than with the Swedish isolates. Although 23 nt differences were seen within the open-reading frame of isolate 167, only 2 were manifested as aa substitutions. The aa substitutions occurred in positions 37 (MetrIle) and 124 (LysrArg), and both of these positions were located in regions described elsewhere as variable regions of the vp7C protein [19] . At the aa level, the same isolate displayed a 99.4% identity with the BF and Bristol strains and an even higher identity (99.7%) with 2 strains isolated in the United States in 1992 [19] and with a strain isolated in Chile in the 1980s [27] . The military outbreak isolates (nos. 949, 1017, and 1018) were identical at the nt level. Moreover, 3 of the isolates (nos. 126, 277, and 451) collected in the prospective study were identical with the sporadic isolate from Uppsala (no. 1004), at the nt level.
Discussion
This study was designed to investigate the frequency of group C rotavirus infections in adults (115 years old) with acute di-arrhea, an issue, to our knowledge, not previously addressed. In the prospective study, rotavirus was diagnosed in 23 patients, and group C rotavirus was detected in 8 (35%) of these, which is ∼1% of all the cases of adult diarrhea. These figures for group C rotavirus are the first to be described for Sweden and indicate that symptomatic group C rotavirus infections occur in adults with a frequency similar to those of infections with several other intestinal pathogens, such as adenovirus, Yersinia species, and enteropathogenic and enterohemorrhagic Escherichia coli [21] .
Group C rotaviruses were detected during the winter season in adults 22-45 years old. From the time we started to search systematically for group C rotavirus among adults with acute diarrhea, 12 isolates were identified within 1 year, including samples from an outbreak among military conscripts. The outbreak of group C rotavirus is the first to be reported from Sweden and is one of the few documented outbreaks among adults [17] . Outbreaks associated with group C rotavirus involving both schoolchildren and adults, however, have been reported previously in Japan [28, 29] , Brazil [30] , and the United Kingdom [16] . In one Japanese outbreak, 675 schoolchildren and their teachers, at 7 schools, were affected [12] .
Another important epidemiologic observation from this study is that all cases of group C rotavirus infection occurred in adults. Despite the fact that we have diagnosed rotavirus in children for 12 decades with methods suitable for detection of atypical rotaviruses, we have never found group C rotavirus in children (authors' unpublished data). These findings raise the question of whether group C rotavirus has an epidemiology different from that of group A rotavirus.
A comparison of the clinical picture between persons infected with group A or group C rotaviruses revealed that the overall symptoms and duration of diarrhea were generally similar. However, infections caused by group A rotavirus appeared to be more severe, as judged by the relative number of patients requiring hospitalization and intravenous fluid treatment. The present study and other studies [11, 31, 32] have indicated that infections caused by group C rotavirus appear to be less severe than infections caused by group A rotavirus.
A recent seroepidemiologic study of group C rotavirus in Sweden revealed an antibody prevalence of 38% [5] , which is similar to that in several other countries [3, 4, 33] . There is, however, an apparent discrepancy between serologic data and the low or nil detection rates of group C rotavirus in stool samples from humans [6] [7] [8] 11] . A possible explanation for this discrepancy might be that searching for etiologic agents of acute gastroenteritis has been focused mainly on examining specimens from infants and young children, who are not necessarily the primary target for symptomatic group C rotavirus infections. A diagnostic problem is that atypical rotaviruses cannot be specifically identified either by commercial antibody-based diagnostic tests or by EM, because all rotaviruses share the same morphology. Until recently, diagnosis has relied on EM combined with electropherotyping, methods that are used in only a limited number of laboratories. These methods are reported to be less sensitive than either RT-PCR [11] or an antigendetection ELISA based on reagents from human group C rotavirus, as described elsewhere [34] . The introduction of an antigen-capture group C ELISA and RT-PCR possibly could circumvent some of the obstacles in diagnosing group C rotaviruses.
Group C rotaviruses, like group A rotaviruses, are classified into distinct serotypes (G types). At present only 2 strains, the Cowden (porcine) and Shintoku (bovine) strains, represent distinct serotypes, as defined by 2-way cross-neutralization assays [18] . The difficulty in adapting human strains to tissue culture has precluded use of neutralization assays for serotyping; thus, the relatedness can be concluded only by sequence analysis of the vp7 genes. Previous studies have shown that human group C rotavirus isolates from different continents have extremely similar vp7 proteins [19, 20] , which suggests a vp7 genotype distributed worldwide that possibly constitutes a single serotype (G type). To investigate the nature and extent of sequence variation in human group C rotavirus recognized in Sweden, we sequenced gene 8, which encodes the vp7 protein, from 12 isolates from the prospective study, the sporadic case of gastroenteritis in Uppsala, and the military outbreak in Gothenburg. The isolates were extremely conserved, with identities ranging from 97.6% to 100% and from 99.1% to 100% at the nt and aa levels, respectively. Comparisons also demonstrated very high identities, 94.8%-99.2% and 96.4%-100%, at the nt and aa levels, respectively, with human vp7C sequences of worldwide origin, as reported elsewhere [19, 25, 26] . Our data further demonstrate the global sequence conservation in vp7 of human group C rotavirus. The deduced aa sequences in 8 of the 9 isolates from the same geographic region (Stockholm-Uppsala) were identical and differed from 3 identical isolates, originating from a military outbreak that occurred in Gothenburg, at only 1 aa position, which indicated the presence of a predominating strain in Sweden during the winter and spring of 1997. It is, however, interesting to note that 8 of the 9 isolates from the Stockholm-Uppsala area were also 100% identical, at the aa level, to the strain Ehime isolated in Japan in 1993 [17] . The most divergent of the Swedish isolates (no. 167) demonstrated more sequence identity, at the aa level (99.7%), with strains isolated in the United States [11] and Chile [27] than with the Swedish strains (99.1%-99.4% identity). However, it should be mentioned that the person harboring this virus had not traveled abroad before onset of disease.
The minor aa differences indicate a slow evolution of group C rotaviruses in space and time, as has been proposed in other studies [11, 20] . Whether the minor aa changes occurring in the vp7C proteins seen in the Swedish isolates and human group C rotavirus from other parts of the world affect their antigenic properties is not known but should merit further research. At present, there is no evidence of serologic differences among group C rotaviruses of human origin. 
